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Abstract 
The need for seamless mobility within the heterogeneous environment of cellular networks imposed the need for finding different 
vertical handover (VHO) mechanisms to select the best network. The selection process is based on different factors, such as: cost, 
battery status of Mobile Terminal (MT), the capacity of each network link, available bandwidth (ABW), received signal strength 
(RSS), etc. However, the major problem here is to find the most effective parameters for VHO and their priorities for these 
decision mechanisms. Besides, it would be useful to know the values of these parameters for data mining (DM). For this purpose, 
we collected real log data server of two mobile telecom companies in Lebanon, Touch and Alfa for Global System for Mobile 
Communications (GSM) and Universal Mobile Telecommunications System (UMTS) networks. After preprocessing and 
discretizing the data, frequent patterns (FP) were extracted to summarize the log data files. The summarized data was then 
analyzed by using descriptive and visualization techniques in order to find the most effective parameters for handover (HO) 
process. Three effective parameters were obtained: the Received Signal Strength (RxLev/RSCP), the Available Bandwidth 
(ABW) and the Received Signal Quality (RxQual/EcNo). Results showed that they cooperatively work together to accomplish 
the same task. This paper provide an effective solution to identify the most valuable factors for vertical handover mechanism in 
telecommunication area by using frequent pattern mining. 
© 2016 The Authors. Published by Elsevier B.V. 
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1. Introduction 
The rapid growth of wireless technology imposed the need for the existence of heterogeneous networks, such as: 
WLANs, GSM, UMTS, WiMAX, LTE, etc. Because there is a variety of base stations (BSs) that are shared within 
these networks, more intelligent and adaptive HO decision mechanisms to select the best network are needed. The 
selection process for the best network interface is based on different factors (RSS, ABW, etc.). This paper proposes a 
systematic new approach for finding the most valuable parameters by applying DM techniques in log data. It 
consists of three main phases: preprocessing, discovery of frequent patterns, and analyzing patterns. The purpose is 
to enhance VHO processes, and then avoid ping-pong effects, packet loss, etc. Its importance lies in the fact that it 
has not been widely studied. 
Since DM is the search for significant patterns and due to the expected errors in the nature of the collected data, 
our approach in this research is to divide the values of a numeric (continuous) attribute into a small number of 
intervals and map each interval to a discrete value. Consequently, the data is summarized by extracting the useful 
information from the frequent patterns. Thus, the results are carried out in an approximate manner. For 
approximation, it is important to take into consideration that beside the existing parameters, we have other important 
factors that affect the VHO. These factors are the coverage area for a network and the traffic (the number of 
connected users).  
This paper is organized as follows: section II introduces the background of the existing DM techniques in 
telecommunication. The main DM processes, which are applied to find the effective parameters for VHO are 
described in section III with a detailed description about the obtained results. Finally in section IV, the conclusion 
and suggestions for future work are presented. 
2. Related Work  
The concept of identifying the effective parameters for VHO process in cellular networks using DM techniques 
has not been widely studied. The only similar topic which is related to the concept of our research is found in1. A 
flow redirection decision mechanism on mobile network and data mining technologies with multiple network 
attributes is presented. QoS parameters for multihomed networks (WLAN and WiBro) are analyzed. A combined 
method is proposed, decision tree algorithm (DT) and neural network (NN) as DM, to extract the important 
attributes by DT which are then used as inputs for NN to generate the decision model and find the needed network 
interface.  
The most existing methods related to DM techniques in telecommunications industry are concentrated on 
improving marketing efforts, fraud detection, and better managing telecommunication networks2. Today, the size of 
databases in telecommunications companies are increasing rapidly and it is not practical to analyze these volumes of 
data in traditional manner. For telecom companies, customers are their major assets and their main concern is to 
satisfy their needs in order to retain them. Researchers in paper3 address the reasons for applying DM techniques and 
applications for customer relationship management (CRM) in telecommunications: customer segmentation and 
churn prediction. The increase of fraud in telecommunication imposes the need to search for DM for fraud detection. 
A review of DM techniques to detect frauds are presented in4, which states that most techniques use Call Detail 
Records (CDRs) to monitor the behavior of users to identify the risk in advance and take the appropriate response. 
Neural networks, visualization methods and rule-based are some of the discussed methods in the domain. In the 
same area of research, a probability based method is implemented5, Naïve Bayesian classification method that 
classifies users as fraudsters and non-fraudsters. The problem of identifying fraudulent users is solved and thus the 
risk for losing non-fraudsters users is eliminated. 
Concerning telecommunication networks, the use of devices and equipment from different manufacturers in the 
heterogeneous environment of wireless networks increases the difficulties on network management6. In order to 
improve mobile networks troubleshooting and recognize the occurring failure at the earliest possible moment, 
authors present a monitoring scheme, a fault diagnosis method, based on the use of rules and decision tree DM 
classifiers. The presented method denotes optimization solutions and facilitates the correction of faults techniques. 
Authors in7 state some unsolved challenges in cellular communication, and presents DM as one of the techniques 
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that can be used to solve these challenges, such as; recovering HO failures, resource constraints in wireless networks 
(limited power, communication bandwidth, etc.), and optimal network planning and maintaining.  
In communication networks large log files are generated with repetitive information. To demonstrate this type of 
information, different algorithms are used to find the frequent patterns from the data8. Researchers in9 present a 
Comprehensive Log Compression (CLC) method that uses frequent pattern with two separate log files, a firewall log 
and an application log. By selecting the most covering patterns and removing the unneeded bulk of records from 
these logs, it becomes easier for the experts to study the rest of records, even manually. In10 authors state that 
summarizing log files is beneficial in specifying the different cellular networks problems. For this purpose, they 
present a new compression algorithm, Mixed Mode Summary-based Lossless Compression Technique (MMSLC). 
The algorithm is based on log frequent patterns to help extracting beneficial information from the recorded data. 
The four main problems in data mining field are corresponding to: clustering, classification, outlier analysis and 
frequent pattern mining8. In this research and due to the expected inaccuracies of the collected data from 
heterogeneous networks, our approach falls under the category of frequent pattern mining. Since it is a broad topic 
of study, researches are still conducted and different algorithms have been proposed in this area8. This paper 
presents a new approach for using DM and discovering the frequent patterns to extract the needed parameters for 
VHO. Various VHO algorithms are presented in literature with different input parameters. These parameters are 
suggested by researches or experts based on simulation analysis. Our goal is to find a real proof for the effective 
VHO parameters. 
3. Data Mining Process 
The “Data mining” is a process of applying a set of techniques and methods on large volumes of data to obtain 
useful knowledge. The goal of DM is to transform a set of large detailed information into a set of summary 
information and enable decision support in a very specific context11, 12. Figure 1 summarizes our approach of data 











  Fig. 1: structures of data mining process 
3.1. The Problem 
In this phase, the problem is described to define the objectives and the expected outcomes. The problem 
definition in our research can be described as the decision done by choosing the appropriate network during the 
network change process. In fact, a MT that is attached to a network needs to keep an acceptable quality of service 
(QoS) while it moves away from an area covered by a network. Then, it changes its point of attachment to another 
area covered by another network. With the rapid growth of wireless technology, the MT moves in a heterogeneous 
environment where it can connect to several candidate networks. The question is how to choose the network that 
offers the best QoS. Each network has a significant number of parameters which indicates the offered 
QoS. However, the major problem here is to determine the effective parameters for VHO decision. For this reason, it 
would be useful to know what the values of these parameters are before, during, and after the network change 
process. To do so, we collected a real log data files from the servers of the two telecommunication companies in 
Lebanon, Touch and Alfa.  
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3.2. Data Collection 
This phase is to collect the data to analyze them and find the appropriate DM techniques to extract the target 
parameters and their priorities in VHO process. The method adopted for data collection in this paper is drive testing. 
A department called drive test exists in both Touch and Alfa companies. The goal of this department is to collect 
data from their various networks and telephone systems to probe the quality status and solve network problems. To 
monitor and analyze the values of certain parameters that are directly related to the QoS offered by the network, we 
asked the staff at this department to collect data by using same technical method they use. Subsequently, a MT with 
radio network air interface measurement equipment was connected to a computer. It started traveling the streets with 
moderate speed to detect and record a wide variety of the physical and virtual parameters of MT in a given 
geographical area for voice call service. As a result, three drive tests were done in three different regions (Hazmieh, 
Jounieh and Saida). The collected data records with the parameters of all existing networks and their numerical 
values before, during, and after network change process, were stored in the form of log files. These files were then 
exported and merged as Excel file format to have about 16,000 record. The Excel file includes sufficient available 
information for DM. For voice call, the records include 148 VHO cases and hundreds of horizontal handover (HHO) 
cases. Due to our concern in this research, only the VHO cases are analyzed. Table 1 describes each parameter of 
the collected data. 
3.3. Preprocessing 
Preprocessing steps should be applied to make the data more acceptable for a particular DM technique. In other 
words, the raw data must be processed to make it suitable for analysis because data may have quality problems, such 
as: missing values, duplicate data, noise, etc. For example, a continuous attribute, like RSCP, may need to be 
transformed into an attribute with discrete categories (very good, good, acceptable and bad signal). Preprocessing 
consists of a number of different techniques and strategies. In our research, the excel file is imported to SQL server 
in order to apply the following: 
Table 1: The parameters of the collected data 
# Parameter  Description # Parameter  Description 
1 Message A numeric value that represents the 
record number of the collected 
data. It increments automatically 
11 ULDTXUsed 
 
Its values are: used/not used. If (used) then 
RxLevSub and RxQualSub are considered else 
RxLevFull and RxQualFull are considered 
2 Time  The time of the reading record 12 SIR  Interference on channel  
3 Distance The distance between BS and MT 13 SpeedKph The speed of the MT 
4 ServCI The cell no. that serves the MT 14 TEMS_SQI_Exp It represents the voice QoS measured by the operator 
5 Latitude The slop of the moving MT 15 Reselection2G3G Indicates that handover from GSM to UMTS 
6 Longitude The slop of the moving MT 16 Handover_toGSM The value of this parameter is 1 if the HO is to GSM 
7 RxLevFull The received signal strength in 
GSM 
17 Technology_Mode Indicates the current serving network for the MT 
8 RxLevSub 18 ActiveSet_RSCP In UMTS, it is equivalent to RxLev in GSM 
9 RxQualFull 
The received signal quality in GSM 
19 ActiveSet_EcNo Energy per chip over noise ratio. In UMTS, it is 
equivalent to RxQual in GSM 10 RxQualSub 
3.3.1. Data Cleaning 
In data collection phase, it is expected to have missing values and errors due to limitations of measuring devices 
or computer errors occurring at data entry13. This phase aims to clean and correct the inaccuracies of the collected 
data. As a primary analysis for the data in hand, we found missing values, and some attributes representing a given 
concept have different names due to different network technologies. For example, RxLev and ActiveSet_RSCP refer 
to the RSS in GSM and UMTS respectively. Consequently, the following steps are applied to clean the data in hand: 
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x The Technology_Mode parameter contains in some records “Unknown” value. All these records are eliminated 
because the network for the connected MT is unknown. 
x When HO process occurs, the system continues to measure values of the old network. For example, when 
switching from GSM to UMTS, sometimes there are still recorded values for the parameters RxLev and RxQual. 
In this case, only the values of the parameters ActiveSet_RSCP and ActiveSet_EcNo are considered for the 
UMTS network. This is the same when switching from UMTS to GSM. 
x Some ULDTXUsed parameter values are empty when the MT is connected to a GSM, so the values of RxLev 
and RxQual are not specified. Therefore, these records are removed. 
x The RSS (RSCP and RxLev) is one of the effective parameters for VHO process14,15. Thus, the records where the 
received signal is empty are eliminated. 
After data cleaning step, the records become 14500. 
3.3.2. Data Reduction 
Data mining algorithms work better with lower number of attributes16. In this step, the attribute subset selection is 
applied. Irrelevant features are eliminated to reduce noise and find more understandable model with fewer attributes.  
Our collected data, in the Excel file, contain the necessary and unnecessary parameters for our problem (Table 1). 
In this case, we only need to keep the relevant attributes for our case study. For data reduction: 
x The parameters 1, 2, 3, 4, 5 and 6 are eliminated because they do not have any role in HO process.  
x In the collected data, we have 73% missing values for the parameter SIR. Thus, the attribute is removed. 
x The parameters, Handover_toGSM and Reselection2G3G are eliminated. They are only used as indicators to 
indicate the moments before and after VHO occurrence. 
x TEMS_SQI_Exp is a performance metric for voice quality in telecommunication. It is specific only to TEMS 
(Test Mobile System). A technology used by telecom operators to measure and analyze their mobile networks, 
and it is considered as a basic tool to perform wireless network drive testing17,18. Hence, this attribute is also 
removed because it does not affect VHO process.  
After data reduction step, the remaining parameters are: Time, RxLevFull, RxLevSub, RxQualFull, RxQualSub, 
ULDTXUsed, Technology_Mode, ActiveSet_RSCP, ActiveSet_EcNo, and SpeedKph. Although Time and 
Technology_Mode do not affect HO process, they are kept for analysis purposes to find the values of the 
corresponding parameters at the moment when VHO process occurs. 
3.3.3. Data Transformation 
Data are transformed into forms appropriate for mining. In this step, we applied attribute construction strategy 
where new attributes are constructed from given attributes13. Accordingly, the following steps are treated: 
x The RxLevFull and RxLevSub values are alternately selected based on the basis of ULDTX value to give a new 
parameter called RxLev. If ULDTX= ‘Used’ then RxLevSub is considered, else RxLevFull is considered. 
x The same is applied for RxQualSub and RxQualFull to give a new parameter called RxQual. If ULDTX= ‘Used’ 
then RxQualSub is considered, else RxQualFull is considered. 
x The RSS in GSM and UMTS are the parameters RxLev and ActiveSet_RSCP respectively. The two parameters 
are combined to have one parameter named RSCP. If Technology_Mode = ‘GSM’ then RxLev is selected. 
Otherwise, ActiveSet_RSCP is selected. 
x The Received Signal Quality in GSM and UMTS are RxQual and ActiveSet_EcNo respectively. The two 
parameters are combined to have one parameter named EcNo. If Technology_Mode = ‘GSM’ then RxQual is 
selected. Otherwise, ActiveSet_EcNo is selected. 
Therefore, eight parameters are combined to have four (RxLev and RxQual, RSCP and EcNo). 
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After this step, the parameters in hand are: Time, Technology_Mode, SpeedKph, RSCP, and EcNo. As 
mentioned earlier, time and technology mode are kept for analysis purposes. However, the remaining parameters are 
used for HO process. In the next phases, we need to find the effect of each parameter during the switching process. 
3.3.4. Sampling 
This approach is used for selecting a subset of data to be analyzed16. In this step, our purpose is to study the 
signal variation for each parameter, and trace the values at the moments before and after the occurrence of VHO. 
For this purpose, the data of the three drive tests are merged. To easily trace the VHO moments, the merged data is 
divided into consecutive blocks based on the network value of Technology_Mode parameter. An indication points 
(benchmarks) are added (new column attribute is created in the Excel file). A value 1 is recorded in the new column 
in the first record of each block at the moment when Technology_Mode changes from GSM to UMTS and vice 
versa. Also, -1 value is recorded in the last record of the same block just before the moment of Technology_Mode 
change. NaN is recorded when none occurs. After finding the benchmarks, the parameters time and technology 
mode are removed. Figure 2 shows the signal variation for the remaining parameters with respect to time. 
We found that the values for EcNo and RxQual are heterogeneous, different scaling due to different network 
technologies. In GSM the values ranges between 0 and 7: a value close to zero indicates a good quality and 7 
indicates a bad quality. In UMTS, it is measured in dBm. For this reason, we transform the attribute into discrete 
categories (excellent, very good, good, acceptable and bad). For discretization, the ranges for EcNo, RxQual and 
RSCP/RxLev are derived from19, 20, 21. Table 2 summarizes the divided intervals for the parameters. 
3.4. Data Analysis 
During our analysis, in addition to the existing parameters, it was important to take into consideration: 
Table 2: Indication for EcNo/RxQual and RSCP/RxLevel 
UMTS (EcNo) GSM (RxQual) RSCP/RxLevel Indication 
> -6 0 - 1 > -50 Excellent 
-8 to -6 2 - 3 -75 to -50 Very Good 
-12 to -8 4 -95 to -75 Good  
-16 to -12 5 -95 to -105 Acceptable 
< -16 6 - 7 < -105 Bad 
x The ABW is a network side parameter measured by the operators. It is not within the obtained measurements, but 
it is an important parameter for VHO22, 23, 24 and as cited by experts in Alfa Company. 
x More bandwidth is available for UMTS (3G) over GSM (2G) networks. 
As shown in figure 2, a sample of data is presented, it is not easy to comprehend and interpret the signals due to 
different factors: 
x The measured values for the received signal strength and quality are subject to interference. 
x When VHO process occurs, the system sometimes continues to measure values of the old network. Consequently, 
some values might not belong to a specific network. 
x The values for different networks are heterogeneous or not within the same interval, like EcNo and RxQual. 
Our concern is to generate the significant pattern in order to analyze data correctly.  Therefore, discretization is 
performed by dividing the values of continuous attributes into limited numbers of intervals. Each interval is mapped 
to the specified category.  
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Figure 2: Signal variation for the remaining parameters 
After discretization, records with NaN indication are removed to summarize the data. We noticed that VHO 
occurs with different speed intervals. Since our drive tests were done from very low to medium speeds, the speed 
parameter was eliminated. The parameters RSCP and EcNo for BS1 and BS2 are compared in each 2 consecutive 
records with -1 and 1 indications which refer to VHO occurrence. After comparing the remaining 296 records, 9 
parameters conditions are extracted as shown in table 3. Also, records with the identification point (1) indicate that 
when certain parameter conditions meet, a VHO process occurs. Therefore, to study the effect of these parameters, 
we find the frequency for their simultaneous occurrence.  
3.5. Interpretation 
Data summarization is one of DM analysis tasks25. Table 3 shows the result for 148 VHO cases, from base station 
(BS1) to another base station (BS2), which are extracted from the summarized data. The obtained data is analyzed 
by using descriptive and visualization techniques that can be applied on this type of summary25.  
       Table 3: VHO results 
 Condition UMTSBS1 to GSMBS2 GSMBS1 to UMTSBS2 Freq. 
1 RSCPBS2 < RSCPBS1 AND  EcNoBS2 < EcNoBS1 0 6 6 
2 RSCPBS2 < RSCPBS1 AND EcNoBS2 = EcNoBS1 0 3 3 
3 RSCPBS2 < RSCPBS1 AND EcNoBS2 > EcNoBS1 1 2 3 
4 RSCPBS2 = RSCPBS1 AND EcNoBS2 < EcNoBS1 2 30 32 
5 RSCPBS2 = RSCPBS1 AND EcNoBS2 = EcNoBS1 3 8 11 
6 RSCPBS2 = RSCPBS1 AND EcNoBS2 > EcNoBS1 23 17 40 
7 RSCPBS2 > RSCPBS1 AND EcNoBS2 < EcNoBS1 4 0 4 
8 RSCPBS2 > RSCPBS1 AND EcNoBS2 = EcNoBS1 5 1 6 
9 RSCPBS2 > RSCPBS1 AND EcNoBS2 > EcNoBS1 38 5 43 
x In the rows 1, 2, 3, 4 and 5, we have 55 VHO cases, 11% UMTSBS1 to GSMBS2 and 89% GSMBS1 to UMTSBS2. In 
these cases, it is clear that ABW parameter has the main effect in most VHO cases since there is more bandwidth 
in 3G networks (UMTS) compared to 2G networks (GSM). 
x In 6, VHO cases between different technologies are almost convergent since we have 40 VHO cases occurs, 57% 
UMTSBS1 to GSMBS2 and 43% GSMBS1 to UMTSBS2. In these cases, the RSCP and ABW of the old network and 
new network are almost the same. VHO process followed the greater EcNo value of the new network. 
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x In 7, 8 and 9, there are 53 VHO cases, 81% UMTSBS1 to GSMBS2 and 19% GSMBS1 to UMTSBS2, when RSCP of 
new network is greater than the RSCP of the old network. In 9, we note that the greater effect, in VHO process, is 
for the parameters RSCP and EcNo in the new network. 
After analyzing the obtained VHO results, we need to compare the range of values for the obtained parameters: 
ABW, RSCP and EcNo in order to find the priority for one parameter over others. Table 4 shows the VHO cases 
when we have better RSCP signal, better EcNo and when they are almost the same. In this case, we referred to 
ABW. The obtained values are convergent, and this show that all parameters work cooperatively and there is no 
priority for one parameter over the others.  
In other words, if no bandwidth is available in the next BS, no VHO process will occur even if the values of 
RSCP and EcNo are better. Also, if the RSCP in the next BS is weaker than that of the current BS, no VHO will 
occur even if there are more ABW and better EcNo. Finally, if there are ABW, better RSCP and week EcNo signal 
in the next BS, VHO will occur but the voice call service will disconnect. 
Table 4: RSCP, EcNo and ABW comparison   
RSCP EcNo Freq. RSCP EcNo Freq. RSCP EcNo Freq. 
RSCP and EcNo are almost the same (32%) RSCP is better than EcNo signal (30%) EcNo is better than RSCP signal (38%) 
Good Good 18 Good Acceptable 13 Acceptable Good 1 
Very Good Very Good 18 Good Bad 2 Bad Good 1 
Acceptable Acceptable 2 Very Good Acceptable 4 Good Excellent 13 
Excellent Excellent 9 Very Good Good 21 Good Very Good 18 
 Excellent Very Good 5 Very Good Excellent 23 
Total cases = 47 Total cases = 45 Total cases = 56 
4. Conclusion and future work 
The operation and management of telecommunications network is based on the data that network elements 
provide. In this paper, we proposed a new approach to prove the most effective parameters for VHO process in 
cellular networks, rather than suggesting and analyzing the important ones. For this study, we gathered real data of 
two mobile telecom companies in Lebanon (Alfa and Touch), preprocessed, discretized them and found the frequent 
patterns of the occurred VHO cases (Frequency) in order to summarize the data. Since data may have quality 
problems, we used statistical descriptive and visualization techniques on the summarized data for approximation to 
find the results. The results show that there is no priority for a parameter over the others and they all work together 
to trigger VHO process. In future, new drive tests will be done with higher MT speed. The purpose is to study its 
effect in VHO process within different network distribution environment, and thus reduce the ping pong effect in 
case certain conditions of the obtained parameters (RSCP, EcNo and ABW) meet, especially in the overlapping 
environments.  
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